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ether-linked PS and PA together with detection of ether PI (14) and PT (15) in extracts from RAW264.7 cells, foam cells, murine bone marrow derived macrophages (BMDM) and murine resident peritoneal macrophages (RPM). In the course of the analysis we also identified some plasmanyl and plasmenyl PC and PE lipids containing very long chain fatty acids (VLCFA) (24 C-atom and more). The motivation of this study was to identify novel and atypical lipid species in a variety of commonly used macrophage preparations. This study is not intended to provide a comprehensive accounting of all of the glycerophospholipid species in these cells, which continues as an ongoing project.
MATERIALS AND METHODS

Materials.
37:4 PI (1-heptadecanoyl-2-(5Z,8Z,11Z,14Z-eicosatetraenoyl)-sn-glycero-3-phospho-(1'-myo-inositol)), Briefly, BMDM were harvested from tibias and femurs of 2 month old C57BL6 male mice. They were suspended in Bone Marrow-Derived Macrophage Growth Medium (BMDMGM), plated on 100 mm Petri dishes and maintained at 37°C in a humidified incubator for 4 days. On day 4 cells were washed with RPMI medium and maintained at 37°C in BMDMGM for two more days after which the macrophages were plated on 100 mm tissue culture dishes at a density of 5x10 6 per plate. Foam cells were elicited from male mice (B6.129S7-LDLrtm1 Her/J) (3-5 weeks of age; Jackson Laboratory) after being placed on a high cholesterol by guest, on October 14, 2017 www.jlr.org Downloaded from diet (# TD96121, Harlan Teklad) for 10 weeks. Mice were injected with 2.5 ml thioglycollate intraperitoneally and foam cells were harvested 4 days post injection. RAW 264.7 cells were maintained essentially as described elsewhere (12) .
RPM Culture .
All studies involving animals were conducted with the approval of the Institutional Animal Care and Use
Committee of Vanderbilt University. Female ICR (CD-1) mice (25-30g) were obtained form Harlan (Indianapolis, IN). Cells were obtained by peritoneal lavage as described previously (16) and suspended at a density of 2-3x10 6 cells/mL (cells from one mouse per 2 mL) in Minimal Essential Alpha Medium supplemented with GlutaMax (Gibco), 10% heat-inactivated fetal calf serum (Atlas Biologicals, Norcross, GA) and 100 units/mL penicillin and 0.10 mg/mL streptomycin (Sigma, St.Louis, MO) (a-MEM/FCS). The cell suspension was plated on 60 mm tissue culture plates at a density of 6mL/plate and incubated for 2h at 37°C in a humidified 5% CO 2 atmosphere. Nonadherent cells were removed by washing the plates four times with PBS, and the cultures were then incubated overnight in fresh a-MEM/FCS.
Extraction of Macrophage Lipids .
Phospholipids were extracted using a modified Bligh and Dyer procedure (17) . Typically between 1-3x10 6 cells per sample were used in this protocol. The method is suitable for extraction from cell culture plates after aspirating the medium and washing the adhered cells twice with 5 mL ice cold 1X PBS. Cells are then scraped in 1mL of 1X PBS, and centrifuged (600g, 4 o C, 5 min). PBS is aspirated and the cell pellet is extracted with 800 µL of cold 0. 30-40min, B=100%; 40-41min, B=100%-50%; 41-50min, B=50%. The mobile phase was infused at a flow rate of 0.3 mL/min. The MS spectra were acquired in negative ionization mode using a turbo spray source 
RESULTS AND DISCUSSION
Ether-linked PI, PA, PS.
Glycerophospholipids are separated using normal-phase chromatography by class according to their polarity.
Ether-linked phospholipids elute faster than their diacyl counterparts and thus are separated on the Luna silica column. Under the described chromatographic conditions, the phospholipids elute in the following order: PG< PI, PE< PA< PS/PT< PC. Figure 1A , B and C shows the extracted ion chromatograms (XIC) for PG and PI,
showing the faster elution times of the ether-linked PI (Fig.1A ) compared to diacyl-PI (Fig.1C) . Odd carbon fatty acid containing 37:4 PI elutes after 38:4 PI, thus being distinguished from ether PI with the same mass Table 1 .
Similarly, a number of ether-PS species were identified in other macrophage extracts ( Table 1) We hypothesize that the ether and vinyl ether PA, PI, and PS glycerophospholipids reported above are direct or indirect products from the biosynthesis of plasmanyl and plasmenyl PC and PE glycerophospholipids.
This reaction pathway is a combination of the traditional biosynthesis routes for plasmanyl and plasmenyl lipids (25) and the Kennedy pathway (26).
Glycerophosphothreonine detection.
Phosphatidylthreonine (PT) is a phospholipid that has been identified and reported as present in significant amounts in some cultured cells (15, 27, 28) . Reports of these lipids have not been published for macrophage cell extracts. Structural analogy with PS makes its detection impossible without careful class separation via LC/MS/MS. The method we employ for phospholipid LC analysis allows its separation from PS and other glycerophospholipids. Using the gradient and the silica column described above, PT elutes after PS, although some ether-linked PS species coelute with PT species, but differs in its fragmentation spectrum used for the identification. As in the case of PS, PT ionizes well and is analyzed in negative ionization mode. The fragmentation spectrum shown on 
VLCFA plasmanyl and plasmenyl lipids .
A significantly large group of PC and PE species containing VLCFA with different degrees of unsaturation were identified in all of the analyzed macrophages. The presence of these fatty acids is usually associated with peroxisomal ß-oxidation defects and neurodegenerative disorders (30). These species have never been detected in macrophages before. Multiple species of PC from RAW 264.7 cell extracts contain 24:X and 26:X fatty acids in diacyl, plasmanyl and plasmenyl phosphatidylcholines, while VLCFA PC from the other types of macrophages mostly consist of 24:X fatty acids. 24:X and 26:X fatty acids are present in diacyl, plasmanyl and plasmenyl PE from all types macrophages ( Tables 3 and 4) . Here again, the majority of identified species are within RAW264.7 cell extracts as a result of the most number of samples analyzed. During the process of identification by tandem mass spectrometry multiple ions corresponding to the fatty acid substituents and the lyso components of the molecules were observed all in agreement with previously published data (21, 31, 32).
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As with all plasmanyl PE and PC, there were no fragments corresponding to the alkyl moiety, but just fragments arising from the loss of the acyl moiety thus creating ether-containing lyso lipid fragments and their dehydrated forms. Both PE and PC were analyzed in negative ionization mode. PC were identified as formate adducts.
Analysis in negative mode ionization affords information on the fatty acid composition as well as the headgroup.
Not only were VLCFA-containing PC and PE identified, but also the presence of unusual ether moieties was detected. Usually, the sn-1 positions in plasmanyl and plasmenyl lipids are occupied by either 16 or 18 carbon ether or vinyl ether moieties while in these cell extracts we detected species containing 14, 16, 18, 20, 22, and 24 carbon ether or vinyl ether substituents. Mass spectral analysis confirmed their structure following analysis of fragmentation ions corresponding to the acyl substituent as a carboxylate ion and only the loss of the acyl group as acid or ketene (and therefore forming a ether-lysoPC and ether-lysoPE).
Despite the w idely held notion that odd carbon fatty acids only exist in plants and some lower organisms, we detected multiple species in almost all of the analyzed glycerophospholipid classes in all types of macrophages (also in multiple human tissue, astrocytoma and other cancer cell extracts, data not shown). Their molecular weight is equal to the alkyl ether species of the same phospholipid class, but can be distinguished from them by their elution properties and the fragmentation spectra. Unlike ether glycerophospholipids that do not produce carboxylate anions for the sn-1 (ether-bound) moiety, odd-carbon containing phospholipids show prominent carboxylate anions for the corresponding fatty acids in addition to the odd carbon lyso glycerophospholipid fragments. In most cell types analyzed, lipids containing at least one odd carbon fatty acid account for approximately fifteen percent (by number) of the total number of phospholipids identified by MS/MS fragmentation.
The evidence presented here for the existence of these unusual glycerophospholipid classes in macrophages will initiate new endeavors to determine the biological functions of these species. The presence of a relatively large number of ether-containing phospholipid species (from most classes) could contribute to the ability of these cells to produce potent biological mediators like platelet-activating factor (PAF), free 
